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SUMARY

Soveral dive paths were calculated for a G54 airplans starting
from level flizht at an altitude of 4000 fsot and from an initisl indi—
cated airspsad of 200 miles por bour. Tae results shovw that, within ths
1inits of the possible pathe pormitied by the ovidsnce of ths crach atb
Beddbridge, the spsed of impact would be a:bout 370 niles psr howr axxi

the tims to crash would bs bastusen 12 and 1.5-- seconds. .
T
Tall-3oad calculations indicate that, with moderats nsgative accsl—

oration of ths airplans, the tail would fail msar tho end of ths dive in
a manney consistent in several iumportant respects with ths svidence.

A smbsr of tests wers made of the elsvator tab control systom to
dotormine whether ths tabd would move by an amouvnt sufficisnt to have
ceaneed the obssrved dive if ths storsd esnergy in the tab contyrol ceble
wors swddenly reloased. Ths results of these tesis indicated that ths
protable teb moversnt 18 such ss to bBe capable of ceusing a dive
gimilar to the one observed at Bainbridgs.

INTRODUCTION

Evidence of the wreckage of C5UB sirplans, NC-8831hk; vhich crashed
Pollowing a stsep dive near Bainbridgs, Mi., on Mey 30, 19!&-'{5, disclosed
that tho horizombal tail structure failsd in the air but that ths vings
ronainsd with the fusslage until impact with the grouwnd ccocwrrsd. In
oxrder to clawify certain points reolative to the failure of tae tail and
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the lack of feilure of the wing, the President®s Special Boaxrd of
Inquiry on Air Sefety regussted the NACA “to moks an analysis of

wing and tail lozds on a typical transport sirplans in apyroximstely
vertical dives.” In accordance with this request, tail-load
celculations have beon mads for a €S54 airplane, loaded as was ths air—
plane that creshed, in several flight conditions, imcluding dives,
fallinz within a probable rangs of flight paths stipulated by the
evidence of the crash. Thess resulis are contained im this repori.

Adthoughn the detalled caloulations ars spacifically applicabls
to the C54 airplans, the gonsral Peaturcs of the results may bs taken
an applicabls to any lsrgs transport airplens with porforpance similar
to that of the C5h,

In addition to flight—path and teail-load calculations, the roport
contains resulta of a nuwbsyr of tesis made to detormine slevator tab
moverents vwion the stored energy in the tab control cablss was suddenly
released. Theope tests wore made becaunsgs several explanations or specu—
lations that had been advanced as to the cause of the crash could not,
in the opinion of the senior author, be supported ageinst reasonable
interpratation of ths evidence of the erash. These explanstions
includeds

¢

(2) "Unporting”® of left elevator, resulting from loss of left

cutboard hinge pin with ensulng slevator overbalance

(v) Fatlurs of right slsvator tip in torsion bridge at outboard
hings cut-out dus 10 prior damags, followed by uwnporting and over—
balence of elevator section betwsen outboard and middle hinges

{c) Tabric Pallure on upper surfaca of right elsvator with-
resulting ovarbalance

(d) Feart failure or other incapacitation of ths pilot s followed
by slhwmping forward against control colimm

Tha tab tests were made to detsrmins whethor sufficient tab movemsnt
could eccur to account for the o'bserved dive.

CONDITTONS STIPULATED BY EV’IDEXIGII OF THE CRASH

The airplans was stated to be cruizing normally at an altitude
of GO0 feot in clsar, awmooth air and et sn indicated airsgpsed of = -~
200 miles per hour. The waight was estimated, from the koown weight
at take—off and from the lmown fuel consumption, to have bsen

67,542 pounds at the timo of the crash. The center-of-gravity position

was not lmown, exeept that it lay between 25.8 and 32 percent of the
mean asrodynamic chord, with a probable value of about 30 percent. -
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The éirplane was observed to have noged over rapidly into an
ayproximately vertical dive, and to have finally crashed in a somsvhat
invorted attitude. The wings remained with the fuselage, but ths
horizontal tzll surfaces falled in the air and caws te earth in several
falrly closely groupsd parts near ths main wreckags, indicating,

togethor with eye—yitnoss accounts, that the failure of the ‘tail
occurred in the dive shortly ‘beforfa the impact.

d DATA USED IN CALCULATIONS

The basic data used to effect all caleulations are given in tadble I
and figure 1. In table I the geomatrical valuss listed wers taken from
available Army roports, from the Douglas three—view drawing, and from
direct msssursmsntz on a C5h airplans. The asrodydamic values listsd
wore azgsigned by usual enginsering procedurss from general test data.
The fllght-tsst resulis ars based on WACA flight tests of Army
C54D-10-DC airplens, AAF Serial Fo. 42-T2713 at Langley Field, Va.

The assurad elrplane polsyr showm in flgors 1 was tsken from tests
of a transport airplans generally similer to the C5h. Subseguently
t0 the parformance of the Tlight-path calculations, several C5h polars
for veriouz teil setitinzz and slsvator angles wers obiained. The
appropriats C5h polars were found to differ from the originally assumsd
polayr to soms degree, but ths effect of the differsnces on thse calcu—
lations im not largs. Ths caleuwlations were, thorefors, not repsated.

-

FLIGAT PATHS, ACCELFRATIONS, AND STICK FORCES

Figurs 2 shows thres flight paths calculatsd for the subject air-
plane loaded to 67,540 pounds. The "-2g" Flight path, curve A,
ropraogents 2 limiting condition set by the wving strength. Because
ths vings did not fail in Tlight, the accsloration could rot have
oxcesdsd about —Eg, vhich correosponds to the wing strength in inverisd
loading. The "Og" flight path, curve C, represents anothsr llmit
that is somsvhat a.r‘bitrarily dsTined. In setting this Ymit, 1t was
prosursd that ths giick force would have to be sufficiently high to
give the pilot a difficult recovery problem. X% was also falt that
goms nagative acceleratlion, which would 1ift the pilot off the seat,
would also bslp to explain the fzot that the pilot fallsd to effsct-
Tacovery. .

In calculating figure 2 it was assumsd that the normal accelera—
tion chenged inetantly from 1g to Og or —2g. From knovwledge of ratss
at which airplanss will rotate in pitch vpon application of sudden

tail load, 1t is sctimted that sbout l%— geconds would bs required to
change the noymal accelerstion from 1lg to -2g. Thersfore, from
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akout -}é'- to l-]é'- Bocouds shonld be added to the timss shown on Pigure 2

to obtain tims to crash. With the foreogoing sllowance for transition
tiste, it can bs seen from Tigurs 2 that the tims to crash st have
besn botuesn asbout 12-;— gaconds and 15- geconds. It i aleo evident
that the final spsed at impact must have boen very close to 370 milas
por “our in any caseo.

Both the -2g apnd Og flight paths shown are for the condition of
congtant acoelsration. . Such a condition yequires decreasing dowmvaxd
clovator angle throughout the dive. Other possible limiting -2g con—
ditlions sre for ccantent elevabor angle of auch magaitude that -2g is
attainsd ab ths ohd of tho dive and for constant airplave 1lift coeffi-—
cicnt. This lattor case aprroximates the formsr and is showa as
curve B on figure 2. The airplene lift or normal fores cosfficient
for this casz has a valus of -0.26h, .

1

Ths elevator anglos snd stick forees corresponding to sny point
on curves A, B, anil C of Piguro 2 con be found from flgures 3 end
and from the stick-Lorce eguation given as a flight—test rseult in
teplo I. Pigures 3 and 4 shov the sxporimental points obiaimed in . .
tests under steady stralght flight and under siteady curvilinsar
flizht conditions, respectlvoly. Since the tesis wers mads with-
veilghto and center—-of-gravity locations differing from the conditions
appropriats to the Balnbridgs crasgh, these oXpsrimental reosulis musd
be transforpsd to the appropriats conditione throuzh the use of proger
theoreotical equstions. The squationg thus uzed %o o‘bta:'m the families
of curves in Plmurss 3 and 4 ars as follows:

~

Tor steady stwaight £light

acy - cht ' .
Cma-a-———-q. Sc"'&&,"’—s‘hxb <-a-£z +it+€°

whery ’

8@ elevator angls, radisng

Co, ) zoro-lif{ pliching-mowsnt ccofficient Ffor ajrplane less
tail '

aCy, /e  slops of wing 1ift curve, per radisn

wing angle of attack, radiansz

da distance from asrciynamic center of‘wing 1o ceonter of
gravitvy, fest
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b msen asrodynamic chord, feat-

acr, [amt slops of teil 1ift curve, per radian

] wing arsa, sguarc feoot
S horizontal tsil area, square feet
Z, digtance from sscrodynamic center wing 4o center of pressuvre

of ¢2il, fest :
a6 fde dowmrash factor

de, /35, elevator offoctivensss factor

i, tail sotbing, radisns
€o initial dowmmrash angle, radians

For gieady curvilinesr £iizht

a e _

) G%+g‘§§a§80~a—££—$txtm<~-ai ——B/ig gth+it+€o
B =~ . t

i Sy is
whar.o
Cy, a:irplane 1194 coofficient
g dynanic preossure, pounds psyr squars foo0t
¥ ) airplano woight, pounds
g accoloration of gravity, 32.2 feét por Becond per sscond
X damping factor assumed ogusl to 1.1 - .
v true alropesd
and -
Vs :“"‘equivalen‘t alrspesd
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The eolovator anglss, stick forces, ard other pertinsnt guantitise
Pfor the soversl cases of interest are glven for the initial and final
points of the dives in table II. The stick forces listed ars eithsr
(2) those regquired to be oxerted by the pilot as push forces to perform
the dives by pilot action, or (b) those rsquired to be sxeritsd by the.
pilot as pull forces to maintain level fiight or to pull out if the
dives wereo coused by trimming of the eleovator to the angles shown by
goms umrented asrddynamic force. The tab-angle imcremsnts listed sre
those roguirsd to cause the corresponding elevator-angle incremsnts,
apzuning the vwnwvanted serolynamic force originated in the tabs.

TATL LOADS

Calculated chord load distributions are shovm in Pigurs 5 for the
boginning end terminal points of the limdting Og and -R2g dives. Also
showm on this figurse for comparison are ths Army specified limlt and
ultimate design loads. The actual strongth of the tail is not known
to tho aunthors at thls writing, but is probably groster thab the
rogquived design strength. Kovertheless, a comperison of the calcu—
loted and specified design lozds is of interest.

Figare 5(a) shows that the tail has sufficient strength to take
cars of ths equilibriuvm condition of -2g at 200 miles per hour, but
that at 373 miles per hour the eleovator and the Porward portion of the
stebilizer sve considersbly ovsrloaded. Ths torsional lozd on the
whole tail asgsewbly is high, and structural deflsctions would be
expactod to canse considerable augmsntation of load. In this condition,
therafore, failu¥s of the tail may be expected.

Figure 5(b) shows substential margin of strengdh throughout the
Oz divae, except in the cass of the elevator, vhich is overloaded with
regpsct to specified strength at the meximm speed. The torsional losd
is moderately high, and some sugmentation of load may be expected as a .
result of structural deflections. Fallure in this case iz, however,
vncertain in -the @bhseoncs of a divergsnce calculation.

In gensral; the tail-load calculations show that tail failure
vould not be expocted saxrly in eny of the possible dives but that
failvrs would probably ccour near the end of any of the dives involving
substantial negative acesleration of the sirplame. In such failure the
stablilizer wonld be oxpectsd to rotate dovnward snd to ths reer. This
point 1s msnhionsd to show that the results of the tail-load calculation
ara congistont with the evidence in the Bainbridge crash that the
elovator wes forced down, relative to the stabilizer. (or viecs versa),
to en excessive angle beyond the stops.
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TESTS OF ELEVATOR TAB CONTROL SYSTEM

A nurdbsyr of tssts wers mads undsy wvarisd conditions on C34D and
RED-3 airplanss to doisrmine vwhether the eleovator tabs might move by &
sufTicient amount to have caussd the Bainbridge crash if the energy
in the tab control cable had bsen suddsnly released.

The first of these tests was made on Army CS5UD-10-DC, AAF Ssirial

Ho. s2-72713, in the loads calibration laboratory of the IIACA at

Longloy Fleld, Va. The tab cable was riggsd to & tension of 35 pounds,

vhich vas in accordance with the valus specifisd by ths manufactursr
for the laboratory temperature at tks time of test.
barrel in tho cable—tension adjuster vwas roplaced with hsavy sefety

wirs zo that the stored exsrgy in ths ¢abls ¢ounld be suddenly releassd
by cutting this wire.

The turnbuckle

Upon cubting the safety wirs, the left tab angle Jumpsd 4.1° in
ths nose-hsavy diresiion.

Tals tost was repeated several days later undexr the sams conditioms,
and the loft tab agein jumped 4.1° in the nose-heavy dirsction.

nelither of thess tests was the moveomsnt of the right tab msasursd.

In
In

the cecond test, however, the pilot’s tab position indicator was found
%o havo moved 1° in the teil-heavy direction.

The airplawns on waich these tosis wore wade was recalled from
the HACA by tho Army and it was subzZequently given a compleots overhaunl

at an Arxy base.

During the latiter stages of ths overhaul period,

ayrangsmants vors made to conduct further hests of the wab system on
this pain airpians. As found following overhaul, ths tab control

cable ag rigsgsd with a tension of 70 pounds at a tempsrature of

. about 65°F. The following tests vers made with the results showm:

Zable rizged in hangar to TO-pound tonsion; test made

ountdoors in ths sun.

rs

Approxi- Pilot
Toct msate Cabls L&}gt tab Rigl;t tab indicator
no. | ferpera—|tension] . Enginos (a vy (& bt (degress

o fure (1p) oarees BEra3es $a1l
(°F) poss heavy)| noss heavy) peavy)
1 65 35 ofe 1.3 2.1 0.1
2 65 70 oee 2.8 4.8 5
3 Q0 35 {2 apd 4, 1900 rpm 1.5 2.4 a2
1 90 818 |1 and 2, 1900 rpm L2 7.0 8
with airplans

From thoce wosulds it is ssen that the teb movemsni at 35—pound
tonsion aunl with engines off vas much less than the movemsnt woasursd

-

7
v
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before ¢verhaul under tho sews conditions at Langley Fleld, Va. It is -
2180 seon that the movement 18 greator when the alrplens is vibrating
a3 2 vresult of onzins opsration. The right tab moved a greater amount
then the laft tab by a nearly constant ratlo asveraging 1.65. From this
last rosult the right tab movemsnt may be estiwmated for the original
tosts at langley to have been 6.8°. .

Tostd worae also made on tuwo Navy RSD-3 airplanes, Burean No. 50871
aod Bureau Ilo. 56507, at a Mavy base. All of these tests wero made with
onzines off and wlth 35-pound tension im ithe tab cable. The rosulis .

follow: .
Test Lofe tab Jump Right teb Juwp Pilot indicator
ro. |{degrocanoss heavy) | (degremnose hesvy) | (degrses tail heavy)

Bureen lo. 50871

1 1.0 1.9 0.5
2 .9 2.0 D
3 leo 109 °5
Bursau Wo. 56507
gy 0.6 1.2 ) 0.2

“Folloving this test, it was found that the ceble motion hed bssn
rostrained by bits of safety wirs and other .foreign material lodged
batusen pulleys and pullsy guides. ‘I‘h@ tests wore not repastsd.

These Wavy alrplanes were Found initially to bave had the tab
cablos rigged to =mbout 60-pound tenzion. The reason for these excessive
ceblo tensions_was found primarily 1o .be In misuse by the mschanics of
Jthe tonsiocmster calibration cards supplied with the commonly used com—
mareial instruments. The nsture of the misuze is such that C5% elsvator
tab cebles are lilwly to be rimged to about twice ths spscifisd toneion,
A further Tfactor is an ascumption by mochanics that the exact magnlitude
of the cable tonsion iz unirmortant owing to the large mzrgin of strength
available in the cable. In any svenit, 1t appears that tab cable tonsions
on C54 ailrplancs of about twice the spscified values may freguently
occur — porhzps more often than not.,

An idoa of the probable magaltude of tab jump undsr sctual opsrating

coniditions may be gained from the foregoing results by correcting the
dats approximately for the offeqy of excessive cable itension and Tox
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enzine opsration. The aversge multiplying ratios feguirsd for such
gorroction msy Tte obtalnsd from ths detz of the second seriss of teosts
on the C5YD airplens. Resulits correcited to 70-pound cabls tension and
engines on for all cases follow:

Tost Isft tab Jump Right tab jump Averase
no. {degreesnose h2avy) (dsgrsssnose heavy) erag
CS4D airplans
(vefors overhaul)
1 12.2 20.2 6.2
2 12,2 20.2 16.2 .

C54D airplane
{aftor overhaunl)

i 3.9 . 6.3 5.1
2 8.4 1.3 1.4
3 3.6 5.8 b7
b 3.8 6.3 5.1
RSD-3 airplans
(Bursan No. 50871)
1 3.0 5.7 Loh
2 2.7 6.0 Lh
3 3.0 5.7 b.h
R5D—3 alrplams.
(Bursau No. 56507)
1 1.8 ' 3.6 2.7

For these 10 tests, six involve values of tsb jump botween 5 4°
and 5.1, three iavolve values groater than 10°, and one involves a
value of only 2.7°. Or, counting the C5hD after overbeaul as a soparate
alrplane, two airplancs showsed tab Jump betwesn 4.4° =nd 5.1°0, two
ghoved tab Jjum groater than 10°, and one showed only 2.7°. Referring
thsse values to the teb angls incremsnts listed in table IT indicates
that, 1 tab jump occurred in flight, destruction of the airplans iz
almost cortain snd also that g dive and teill Palluvse mimilar to that
obzerved in the case of the Bainbrldgs crash is highly probabls.

The foregoing rosults and remarks refer to cornditions in which
none of the itab cable cnsrgy is dissipated in opsrating the tabs sgainst
asrodydamic force. Figure 17{d) of NACA TW Ho. 734 shows that when the



i

10 NACA R No. LTIi2

slovator moves down a8 the 42b moves up the tad hings momsnt yemains
zero througnout the remge of condliilons of interest hers. According
to this repvlt the btab doss no work agalnst servodgnamic force undeyr
tho conditions with vhich we are concarnsd, and the test values of tab
Jump glven horsin exre applicable in fiight. :

The yosulis of the dive path and taill-~load calculations and of
the tests of the t&Eb control system indicate the following conclusions:

1. The final spesei at impact iz sboub 3?5‘ miles Yor hour.

2. The tiws to erash iz botwsen 12% and 1532-'» seconds.
3. With nsootive asceleration of the airplene, ths tail will fail
wnder torsional loading nesar the end of the dive, but will rot fail in
the garly or middls regions of ths dive.
b, Ths tail my i;ail in flight without the wing failing uniil after
the tell failure has occurred. .

s 5. If the energy in the elevator tab control cable is suddenly
rolecned wndey flight conditions and with cable tensions as found on
deveral airplencs in ssrvice, ths tab will probably movs wilthin ths
naryvoywy 1imits reguired to couce thr» dive cobserved ab Bainbridgs.

6. Tab ceble teasions vers found on meveral servics airplanes to

be rigasd to higher thezun specifisd values of tenslion by a factor of
approxivately 2. No service airplanss exemined were found riggsd with
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spocified tonsion. Tals discrepancy jg kmown o have bosn caused in

gomy cases through misunderstanding of the use of the tensiomster and
itz cslibration.
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TABLE I

CHARACTERISTICS OF CSh AIRPLANE

Geomsitric values

Wing arca,.eq £t .
Wing aspoct ratio .
Wing tapsr ratio .
Tail ares, s8q £t .
Tall aspact ratio .
Tall taper ratio . o o e
Elevator area aft of hinge lins, sg T
Elevator tab arsa, total, sq £t . . .

Tail spanfring 8pef « o o v o o o o o

Mran sprodynamic chord, £t . . . . .

¥ o ©

& e ©

o -

o o

o ¢ ©° @ e e
e o o o & o
o ¢ o6 © o o
o o o o ¢
@ a e a4 o o

a
o
°© o o
3

2 © ® o

L3 o 9 L] ] -

e

e o -4 L] o -] <9

Tail lsogth, asrodynazﬂc csntor to c/h of
Eleovator-flap choxd ¥atio o o o o o o o «

Tab~Tlap chord watio:
" Elevator ckord . .

Total chord . ¢ « ¢ o « o o o «
Incidencs, wing, d88 < o o o o o o o
Incidence, tail, deg . o o & v o o
WVelght at tims of accid.@nt b o o
Centar of gravity in percent i &,“ .

° ] e L4 L] ¢

o ° L] °

°

°

o a © & a o
[
L] L4 o L) < . » ® L]

o
Q0 -] ° L) ] ° ° L3

tail

e o o

e &8 o o

o ° o ° o .
* L] < o o 3

Asrodynaxic valuss

Slopa, airplans 1ift curve, psr dogyse

o

e o o

Slops, bkorizontal tall 1ift curve, por degrse .

Elevator offectivensss factor ( AR )
e

2
[

L3

Tgb valuea, per dogree o o « o o « o o o o o o

s

Pitching-momant coefficient, airplans’ less.tall
Agrodynamic center, percent MJAL. . . . . o &

e PMge o o o o & € o o o

L] » ° o

°

L] ° Q L] o L] ] L) L] L] o L) L] L] ¢

HACA KM Wo. LT7I12

° L3 [ ° o o 9

o e © L]

© © o & o lh‘62
© & o o o 9.1&8
o o o o « 0.308
0000032}4’58
e s s s . 4.8
« « o o o 0.48
e s . . . B6.6
e o e o o 6072
e o o o » 0.336
o o o o o 12,46
“ e s s « =518
c e e o o 0.5
e e o o o 0,15
e e o oo 0,073
b
1
o o o o 67,542
e s s s . - 30
e o o o -0.0867
. o« o 00,0681
O ¢ R T
[~ ac -
‘i.n.‘iso;ow

da

ac

n,b
< 3, = 0.015

0 .03

dSy, e

< o < oNS Q‘ .-0001

o @ © © o ¢
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TEBIE T — Concluded
CHARACTERTSTICS OF €5k ATRFLANE — Concluded -

Flight test results

&

Stick force per g (c.g. in porcent M.AL.)o « . 5-7—,%;5(316 - 5,07 c.g8.)

Ra‘ti o 3 alevator to ta’b 'tr&vel < o o - o L4 ° < L3 . ° -3 L] o o o ° -4 lo "4'23‘

: 2
v
Stick force requirsd to balemes 1° of out of trim tab . . . 53(-—2%%)

Initial elsvator angle, spoed 200 mph, c.g. at 30 percent
§4.An0.,d€8-.ou..o-va'q¢oooa-oopaoologd.ot‘m
Initial tab anglse, spsed 200 mph, c.g. at 30 psrcent
MoRaCuay 888 v v o o o o ¢ o o o 0 o 06 6 s« o a s « a2 ¢ o o o Lokt up

’

”
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TABLE IX

ELEVATOR ANGLES AND STICK FORCES FOR

SEVERAL POSSIBLE DIVES

Required
c F;:c;gr Vo Acceleration Elevator angle El?vator—azgle ?ticl; tdb-angle
a8e ) (mh) (g wnits) Oy (dez) nersmen Ored | 4. oroment
conatant (dog) (1n) (asg)
200 -2.00 -0.906 15.6 dovm 1h.h down 92 | 10,1
A |Acceleration {373 —2.00 —p6k | 8.5 down 7.3 don | 92| 5.1
B o 200 —s58 —, 264 9.5 down * 8.3 down 259 5.8
N 374 —2.00 = 26k 8.5 down 7.3 down b2t 5.1
5o | Elevator 200 —.36 —.165 8.5 down 7.3 down 223 5.
. engle 37h ~2,00 —~.264 8.5 down 7.3 down hg2 5.1 °
- ®n 200 0 .000 7.0 down 5.8 down 16k b0
C end - 377 0 .000 5.4 down b,2 down 16h 2.9
acceleration
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